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(54) SLIDING MEMBER AND VALVE-OPENING/CLOSING TIMING CONTROL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a sliding member for an 
internal combustion engine, superior in baking resistance, abrasion 
resistance, and coefficient of friction to an iron sintered material, 
while keeping an adequate sliding state which has not been realized 
in sliding between aluminum materials. 

SOLUTION: This valve timing control device 100 comprises a 
rotation transmission member consisting of an interior rotor 20 
fixed to the top of a cam shaft 10, and an external rotor 30 fitted 
outward to both the cam shaft and the interior rotor so as to 
relatively rotate in a predetermined range; and a vane 70 
integrated or attached on the interior rotor. The external rotor 
consists of an aluminum alloy material to which at least one 
element is added out of 0.05-0.20 wt.% Sb, 0.001-0.01 wt.% Na, 
0.001-0.05 wt.% Sr, and 0.0005-0.01 wt.% Ca. The interior rotor or 
the vane consists of the material which is obtained by means of 
rapidly cooling and solidifying the aluminum alloy material including 
at least elements of Si and Fe to form powder, and compacting the 
powder. 
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CLAIMS 



[Claim(s)] 

[Claim 1]In a slide member which slides mutually by the 1st slide member and the 2nd slide member that 
counters this 1st slide member and is allocated, said 1st slide member, Sb: 0.05-0.20 % of the weight, Na : 
0.001 to 0.01 % of the weight, Sr: 0.001-0.05 % of the weight, Ca : From 0.0005 to 0.01 % of the weight, 
consist of an aluminum alloy material in which at least one kind of element was added, and said 2nd slide 
member, A slide member consisting of material produced by making solidify powder to which the rapid 
solidification of the aluminum alloy material in which an element of Si and Fe was added at least was 
carried out. 

[Claim 2]In a slide member which slides mutually by the 1st slide member and the 2nd slide member that 
counters this 1st slide member and is allocated, said 1st slide member, Sb: 0.05-0.20 % of the weight, Na : 
0.001 to 0.01 % of the weight, Sr: 0.001-0.05 % of the weight, Ca : From 0.0005 to 0.01 % of the weight, 
consist of an aluminum alloy material in which at least one kind of element was added, and said 2nd slide 
member, A slide member consisting of material produced by making solidify powder to which the rapid 
solidification of the aluminum alloy material in which an element (Si:1 6—1 8 % of the weight and Fe:2-6 % of 
the weight) was added at least was carried out. 

[Claim 3]Claim 1 , wherein mean particle diameter of said Si is 3 micrometers or less, or the slide member 
according to claim 2. 

[Claim 4]A cam shaft supported by cylinder head of an internal-combustion engine enabling free rotation. 
An inner rotor fixed to this cam-shaft tip part. 

A rotation transmission member which consists of an outer rotor the exterior of the relative rotating of 
was made possible to this cam shaft and an inner rotor in a prescribed range. 
They are one or the attached blade to said inner rotor. 
A lock pin attached to said outer rotor. 

Are the above the valve timing control device which it had, and said outer rotor, Sb: 0.05-0.20 % of the 
weight, Na : 0.001 to 0.01 % of the weight, Sr: 0.001-0.05 % of the weight, Ca : It consists of an aluminum 
alloy material in which at least one kind of element was added from 0.0005 to 0.01 % of the weight, Said 
outer rotor or said blade consists of material produced by making solidify powder to which the rapid 
solidification of the aluminum alloy material in which an element of Si and Fe was added at least was 
carried out. 

[Claim 5]A cam shaft supported by cylinder head of an internal-combustion engine enabling free rotation. 
An inner rotor fixed to this cam-shaft tip part. 

A rotation transmission member which consists of an outer rotor the exterior of the relative rotating of 
was made possible to this cam shaft and an inner rotor in a prescribed range. 
They are one or the attached blade to said inner rotor. 
A lock pin attached to said outer rotor. 

Are the above the valve timing control device which it had, and said outer rotor or said blade, Sb: 
0.05-0.20 % of the weight, Na : 0.001 to 0.01 % of the weight, Sr: 0.001-0.05 % of the weight, Ca : It 
consists of an aluminum alloy material in which at least one kind of element was added from 0.0005 to 0.01 
% of the weight, Said inner rotor or said blade consists of material produced by making solidify powder to 
which the rapid solidification of the aluminum alloy material in which an element (Si:1 6—1 8 % of the weight 
and Fe:2-6 % of the weight) was added at least was carried out. 

[Claim 6]Claim 4, wherein mean particle diameter of said Si is 3 micrometers or less, or the valve timing 
control device according to claim 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]The rotation transmission member which this invention becomes from the inner 
rotor fixed to the cam-shaft tip part by which two members were especially supported by the cylinder 
head of the internal-combustion engine about the slide member which slides mutually enabling free 
rotation, and an outer rotor, It is related with the valve timing control device used in order to control the 
inlet valve or exhaust valve of an internal-combustion engine which equipped this inner rotor with one or 
the attached blade, and the lock pin attached to the outer rotor. 
[0002] 

[Description of the Prior Art]As conventional technology of the valve timing control device for vehicles 
with which the slide member for which this invention is used is used, there are JP,1 1-15931 1 A 
JP,11-013432,A, and JP,1 1-101 107.A. 

[0003] JP,1 1-15931 1, A the adjusting device of an internal-combustion engine, It is what adjusts the 
relative rotating of the housing 28 and the blade object 31 which an opposite direction carries out forcible 
rotation of the crankshaft with a dynamo (it serves as a starter motor), and constitute the valve timing 
changing mechanism (WT) 1 1 at the time of start up of the organization to the tooth-lead-angle side, It 
comprises WT11, the oil control valve 16, and electronic-control 17 grade. The housing 28 and the 
covering 38 are formed with the sintered-metal material of an iron system, and the blade object 31 is 
formed by material with a larger coefficient of thermal expansion than the sintered-metal material of an 
iron system, for example, aluminum. (The above-mentioned number is a number in JP,1 1-1 5931 1 ,A) 
Into the matrix of a metallic material, the hole of owner Perilla frutescens (L) Britton var. crispa (Thunb.) 
Decne. became a sump ball about the hole, and the iron system sintered-metal material in which lubricity 
is excellent was being used for the sintered-metal material used with this valve timing control device in 
order to maintain seizing resistance, abrasion resistance, and sliding nature. That moderate intensity is 
obtained had also become a factor for which iron system sintered-metal material is used widely by 
heat-treating also in that shape is complicated or an intensity side. 

[0004]In [ as shown in JP.1 1-01 3432.A ] a valve timing control device, It aims at attaching so that the 
outer rotor 30, the front plate 40, and a rear plate 50 grade rotation transmission member may carry out 
relative rotating smoothly to the cam shaft 10 and the inner rotor 20. (The above-mentioned number is a 
number in JP.1 1 -01 3432,A) 

Similarly, a valve timing control device as shown in JP,1 1-101 107,A also comprises the main 4 part 
housing (outer rotor) 30, the rotor (inner rotor) 20, the blade 70, and the keylock (lock pin) 80. (The 
above-mentioned number is a number in JP,1 1-101 107,A) 
[0005] 

[Problem(s) to be Solved by the Invention] However, since above-mentioned JP,1 1-15931 1 ,A comprised an 
iron system material with heavy specific gravity, if its speed of response was slow and lengthened it, it led 
to the increase in engine weight, and had become the hindrance of the improvement in gas mileage. 
[0006]Since JP,1 1-01 3432,A has structure in which the contacting parts of the outer rotor 20 and the 
inner rotor 30 served as the bearing mechanism, Severe sliding performance is required, and only by using 
an iron system sintered material simply, carrying out material substitution at aluminum, an aluminum alloy, 
and an aluminum system sintered material, since a sliding resistance is high and generating and an 
intensity side are also inferior in adhesive wear, it is not materialized as a product. 

[0007]In the valve timing control device of structure as shown in JP,1 1-101 107.A, Since the coefficient of 
linear expansion of main 4 parts (housing, a rotor, a blade, a keylock) will interfere with an original function 
by the dimensional change at the time of low temperature or an elevated temperature if it is not the same, 
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if it does not use all four parts as materia! with the same coefficient of linear expansion, it is not realized 
as a product. 

[0008]The slide member on which this invention is what solved the aforementioned problem, and two parts 
slide mutually, By using seizing resistance, abrasion resistance, sliding nature, the special aluminum 
material excellent in intensity, and the aluminum casting material that performed modification in housing 
for the rotor, blade, and keylock which are main component parts of a valve timing control device. The 
good sliding states which could not be realized in sliding of the conventional aluminum materials are 
securable, it is durable from the material manufactured with the conventional iron sintering material, and 
the valve timing control device which enables it to manufacture an all aluminum valve timing control device 
lightweight a response quickly and mileage-efficient is provided. 
[0009] 

[Means for Solving the Problem]An invention of claim 1 made in order to solve the above-mentioned 
technical technical problem, In a slide member which slides mutually by the 1 st slide member and the 2nd 
slide member that counters this 1st slide member and is allocated, said 1st slide member, Sb: 0.05-0.20 % 
of the weight, Na : 0.001 to 0.01 % of the weight, Sr. 0.001-0.05 % of the weight, Ca : From 0.0005 to 0.01 
% of the weight, consist of an aluminum alloy material in which at least one kind of element was added, and 
said 2nd slide member, It is a slide member consisting of material produced by making solidify powder to 
which the rapid solidification of the aluminum alloy material in which an element of Si and Fe was added at 
least was carried out. 

[0010]By the invention of claim 1, good sliding states which could not be realized can be secured and 
performance excels a slide member which seizing resistance, abrasion resistance, and a coefficient of 
friction become from a conventional aluminum material and an iron sintering material in sliding of the 
conventional aluminum materials. 

[001 1] Above Sb in order for Si to carry out detailed balling-up here (especially 3 micrometers or less) : 
0.05 to 0.20%, Na: 0.001-0.01%, Sr:0.001-0.05%, Ca: It will be obtained if one kind of element which is the 
above-mentioned numerical value range at least while of 0.0005 to 0.01% is added. 

[001 2]If less than a numerical value range of each above-mentioned element, particle diameter of Si will 
become large. If more than a numerical value range of each above-mentioned element, the detailed 
balling-up effect of Si will not change, but intensity, elongation, and toughness will fall. 
[0013]An invention of claim 2 made in order to solve the above-mentioned technical technical problem, In 
a slide member which slides mutually by the 1st slide member and the 2nd slide member that counters 
this 1st slide member and is allocated, said 1st slide member, Sb: 0.05-0.20 % of the weight, Na : 0.001 to 
0.01 % of the weight, Sr: 0.001-0.05 % of the weight, Ca : From 0.0005 to 0.01 % of the weight, consist of 
an aluminum alloy material in which at least one kind of element was added, and said 2nd slide member, It 
is a slide member consisting of material produced by making solidify powder to which the rapid 
solidification of the aluminum alloy material in which an element (Si:16-18 % of the weight and Fe:2-6 % of 
the weight) was added at least was carried out. 

[0014]In addition to an effect of claim 1, by the invention of claim 2, Si makes material composition of the 
2nd slide member 16 to 18 % of the weight. Wear-resistant improvement can be aimed at in this numerical 
value range. If there is less Si than 16% weight, abrasion resistance runs short, and anomalous attrition 
mainly concerned with adhesive wear is caused. Partner aggression will become large if there is more Si 
than 18 % of the weight. Fe may be 2 to 6 % of the weight. In this numerical value range, seizing-resistant 
improvement and improvement in strength in high temperature can be aimed at. Printing will be caused if 
there is less Fe than 2 % of the weight. If there is more Fe than 6%, a needle crystal will deposit and 
partner aggression will become large. 

[0015]An invention of claim 3 made in order to solve the above-mentioned technical technical problem is 
claim 1 , wherein mean particle diameter of said Si is 3 micrometers or less, or the slide member according 
to claim 2. 

[0016]By the invention of claim 3, Si mean particle diameter can aim at wear-resistant improvement and 
seizing-resistant improvement in this numerical value range by being referred to as 3 micrometers or less. 
When larger than 3 micrometers, a coefficient of friction is high, printing is caused, and partner aggression 
appears. 

[001 7] An inyention of claim 4 made in order to solve the above-mentioned technical technical problem, A 
cam shaft supported by cylinder head of an internal-combustion engine enabling free rotation, A rotation 
transmission member which consists of an inner rotor fixed to this cam-shaft tip part, and an outer rotor 
the exterior of the relative rotating of was made possible to this cam shaft and an inner rotor in a 
prescribed range, It is a valve timing control device used in order to control an inlet valve or an exhaust 
valve of an internal-combustion engine which equipped said inner rotor with one or an attached blade, and 
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a lock pin attached to said outer rotor, Said outer rotor Sb:0.05-0.20 % of the weight, Na:0\00 1-0.01 % of 
the weight, Sr: 0.001-0.05 % of the weight, Ca : It consists of an aluminum alloy material in which at least 
one kind of element was added from 0.0005 to 0.01 % of the weight, Said inner rotor or said blade is a 
valve timing control device consisting of material produced by making solidify powder to which the rapid 
solidification of the aluminum alloy material in which an element of Si and Fe was added at least was 
carried out. 

[0018]By the invention of claim 4, good sliding states which could not be realized can be secured and 
performance excels a valve timing control device with which seizing resistance, abrasion resistance, and a 
coefficient of friction consist of a conventional aluminum material and an iron sintering material in sliding 
of the conventional aluminum materials. 

[0019]Above Sb in order for Si to carry out detailed balling-up here (especially 3 micrometers or less) : 
0.05 to 0.20%, Na: 0.001-0.01%, Sr:0.001-0.05%, Ca: It will be obtained if one kind of element which is the 
above-mentioned numerical value range at least while of 0.0005 to 0.01% is added. 

[0020]If less than a numerical value range of each above-mentioned element, particle diameter of Si will 
become large. If more than a numerical value range of each above-mentioned element, the detailed 
balling-up effect of Si will not change, but intensity, elongation, and toughness will fall. 
[0021]An invention of claim 5 made in order to solve the above-mentioned technical technical problem, A 
cam shaft supported by cylinder head of an internal-combustion engine enabling free rotation, A rotation 
transmission member which consists of an inner rotor fixed to this cam-shaft tip part, and an outer rotor 
the exterior of the relative rotating of was made possible to this cam shaft and an inner rotor in a 
prescribed range, It is a valve timing control device used in order to control an inlet valve or an exhaust 
valve of an internal-combustion engine which equipped said inner rotor with one or an attached blade, and 
a lock pin attached to said outer rotor, Said outer rotor Sb:0.05-0.20 % of the weight, Na:0.001-0.01 % of 
the weight, Sr: 0.001-0.05 % of the weight, Ca : It consists of an aluminum alloy material in which at least 
one kind of element was added from 0.0005 to 0.01 % of the weight, Said inner rotor or said blade is a 
valve timing control device consisting of material produced by making solidify powder to which the rapid 
solidification of the aluminum alloy material in which an element (Si:16-18 % of the weight and Fe:2-6 % of 
the weight) was added at least was carried out. 

[0022]In addition to an effect of claim 4, by the invention of claim 5, Si makes material composition of the 
2nd slide member 16 to 18 % of the weight. Wear-resistant improvement can be aimed at in this numerical 
value range. If there is less Si than 16% weight, abrasion resistance runs short, and anomalous attrition 
mainly concerned with adhesive wear is caused. Partner aggression will become large if there is more Si 
than 18 % of the weight. Fe may be 2 to 6 % of the weight. In this numerical value range, seizing-resistant 
improvement and improvement in strength in high temperature can be aimed at. Printing will be caused if 
there is less Fe than 2 % of the weight. If there is more Fe than 6%, a needle crystal will deposit and 
partner aggression will become large. 

[0023]An invention of claim 6 made in order to solve the above-mentioned technical technical problem is 
claim 4, wherein mean particle diameter of said Si is 3 micrometers or less, or the valve timing control 
device according to claim 5. 

[0024]By the invention of claim 6, Si mean particle diameter can aim at wear-resistant improvement and 
seizing-resistant improvement in this numerical value range by being referred to as 3 micrometers or less. 
When larger than 3 micrometers, a coefficient of friction is high, printing is caused, and partner aggression 
appears. 
[0025] 

[Embodiment of the In vent ion] He re after, one embodiment (EXAMPLE) of this invention is described based 
on a drawing. The outer rotor 30, the inner rotor 20, and its related member of the valve timing control 
device 100 by this invention shown in drawing 1 and drawing 2 consist of the next composition. 
[0026]The cam shaft 1 0 supported by the cylinder head of the internal-combustion engine enabling free 
rotation, The inner rotor 20 fixed to the tip part of this cam shaft 10 via the fastening bolt 1 1 and the 
sleeve 12, The rotation transmission member which consists of the outer rotor 30, the front plate 40, and 
the rear plate 50 the exterior of the relative rotating of was made possible to the cam shaft 10 and the 
inner rotor 20 in the prescribed range, It is constituted by the blade 70 of four sheets attached to the 
inner rotor 20, and the lock pin 80 grade attached to the outer rotor 30. 

[0027]While having the vane groove 21 for the inner rotor 20 having adhered to the cam shaft 10 in one, 
and attaching each blade 70 of four sheets to a diameter direction, respectively, The receiving hole 22 
where specified quantity insertion of the lock pin 80 is carried out when the relative topology of the state 
10 shown in drawing 1 , i.e., a cam shaft, the inner rotor 20, and the outer rotor 30 synchronizes with a 
predetermined phase (the maximum angle-of-delay position), The passage 23 which carries out the 
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feeding and discarding of the hydraulic oil to this receiving hole 22 from a spark-advance path (not 
shown), It has the passage 24 which carries out the feeding and discarding of the hydraulic oil to the oil 
sac R1 for tooth lead angles divided by each blade 70 from a spark-advance path (not shown), and the 
passage 25 which carries out the feeding and discarding of the hydraulic oil to the oil sac R2 for the 
angles of delay divided by each blade 70 from the angle~of-delay passage 1 2. 
[0028]Each blade 70 is energized by the method of the outside of a path with the spring 71 
accommodated in the pars basilaris ossis occipitalis of the vane groove 21. 

[0029]By the inner circumference, in the predetermined crevice (the minimum crevice between which it is 
placed by hydraulic oil), the outer rotor 30 is attached to the peripheral face of the inner rotor 20 so that 
relative rotating is possible. While the hollow 32 which forms in the outer rotor 30 the hydraulic oil room 
Ro which accommodates each blade 70 and is bisected by each blade 70 by the oil sac R1 for tooth lead 
angles and the oil sac R2 for the angles of delay by the inner rotor 20 is formed, The evacuating hole 33 
in which the lock pin 80 and the spring 91 which turns this to the inner rotor 20 and energizes it are 
accommodated is formed in the diameter direction of the outer rotor 30. 

[0030]In the valve timing control device provided with the above composition, since the outer rotor 30 is 
the shape provided with the sprocket part (gear shape of the outside surface of an outer rotor), if it is 
processed by cutting, it is expensive, and shaping is not used by rapid solidification, but it is fabricated by 
casting or forge. On the other hand, a sprocket part is formed, and the inner rotor 20 is not, but shaping 
by rapid solidification is performed in this invention. 

[0031]Here, the material of the outer rotor 30 is AC8C (Cu:2.0-4.0, Si:8.5-10.5, Mg:0.50-1.5, Zn: 0.5 or 
less.) of JISH5202. Fe: Less than 1.0, less than Mn:0.50, less than nickel:0.50, Ti : 0.20 or less. Pb: Less 
than 0.10, less than Sn:0.10, less than Cr:0.10, aluminum : General aluminum alloy casting AC8C specified 
in the remainder to a base material so that Si may be set to 3 micrometers or less by weight %. Sb: 
0.05-0.20%, Na:0.001-0.01%, Sr:0.001-0.05%, Ca: Add one kind of element which is the above-mentioned 
numerical value range at least while of 0.0005 to 0.01%, and use the charge of a casting material which 
performed modification by detailed balling-up of Si. Hereafter, let the member which consists of this 
charge of a casting material be the 1st slide member. 

[0032]In order to carry out detailed balling-up so that Si may be set to 3 micrometers or less, The 
above-mentioned Sb:0.05-0.20%, Na:0.001-0.01%, Sr:0.001-0.05%, Ca: It will be obtained if one kind of 
element which is the above-mentioned numerical value range at least while of 0.0005 to 0.01% is added. 
[0033]If less than the numerical value range of each above-mentioned element, the particle diameter of Si 
will become large. If more than the numerical value range of each above-mentioned element, the detailed 
balling-up effect of Si will not change, but intensity, elongation, and toughness will fall. 
[0034]The aluminum-Si-Fe system (aluminum silicon-iron system) powder extrusion material 
manufactured by the rapid solidification method is used for the inner rotor 20, the blade 70, and the lock 
pin 80 which serve as the sliding opponent. This extrusion material is called 2nd slide member. 
[0035]The end of aluminum powder rapid solidification was carried out with the cooling rate at 102-104 
**/second is used for this extrusion material. 

[0036]As shown in drawing 3 , the manufacturing method in the above-mentioned end of aluminum powder 
by weight % to the aluminum made into a matrix Si:16-18%, Fe: 2-6%, Cu:1-5%, Mg:0.2-2%, Mn : The 
aluminum molten metal which added 0.2 to 1% is put into the container 100, The high pressure gas of 80 - 
2 

150 kgf/cm is injected to the aluminum molten metal which flows out of the outlet 101, rapid 

2 4 

solidification is carried out with the cooling rate of 10 - 10 ** / second, and the powder compact P1 is 
acquired. 

[0037] First, as shown in drawing 4 . the powder compact P2 is put into the accommodation body 200, and 
preforming is performed to 60 to 95% of the relative density by the hydrostatic pressurization between the 
colds. The powder compact P2 is acquired by the preforming. Hydrostatic pressurization may be between 
** and between heat. 

[0038]Next, hot-extrusion shaping is carried out with the hot extrusion device 300 in a 200-550 ** 
temperature requirement by making this Plastic solid P2 into a billet, and the extrusion member P3 is 
obtained. 

[0039]As shown in drawing 5 , the outer rotor 30 considered as a request, the lock pin 80, and the product 
P4 of blade 70 grade are obtained by performing forge and cutting based on the extrusion material P3. The 
mean particle diameter of the Si grain in a matrix consists of spherical shape Si grain of 3 micrometers or 
less. 

[0040]Here, Si makes material composition of the 2nd slide member 16 to 18 % of the weight. 
Wear-resistant improvement can be aimed at in this numerical value range. If there is less Si than 16% 
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weight, abrasion resistance runs short, and the anomalous attrition mainly concerned with adhesive wear 
is caused. The partner aggression will become large if there is more Si than 1 8 % of the weight. 
[0041]Fe may be 2 to 6 % of the weight. In this numerical value range, seizing-resistant improvement and 
improvement in strength in high temperature can be aimed at. Printing will be caused if there is less Fe 
than 2 % of the weight. If there is more Fe than 6%, a needle crystal will deposit and the partner 
aggression will become large. 

[0042]Cu may be 1 to 5 % of the weight. Improvement in mechanical properties can be aimed at in this 
numerical value range. If there is less Cu than 1 % of the weight, deterioration of mechanical properties will 
take place. If there is more Cu than 5 % of the weight, the fall of elongation will take place. 
[0043]Mg is made into 0.2 to 2 % of the weight. Improvement in mechanical properties can be aimed at in 
this numerical value range. If there is less Mg than 0.2 % of the weight, deterioration of mechanical 
properties will take place. If there is more Mg than 2 % of the weight, the fall of elongation will take place. 
[0044]Mn may be 0.2 to 1 % of the weight. In this numerical value range, prevention of recrystall ; zation and 
improvement in mechanical properties can be aimed at. The deterioration of mechanical properties which 
it recrystallizes if there is less Mn than 0.2 % of the weight, and an organization becomes big and rough, 
and causes printing takes place. If there is more Mn than 1 % of the weight, the insoluble compound of a 
matrix will deposit and a coefficient of friction will rise. 

[0045]Si mean particle diameter shall be 3 micrometers or less. In this numerical value range, 
wear-resistant improvement and seizing-resistant improvement can be aimed at. When larger than 3 
micrometers, a coefficient of friction is high, printing is caused, and the partner aggression appears. 
[0046]When the above-mentioned material composition is used for this invention, a material function as 
shown below is produced and a sliding characteristic is acquired.A sliding characteristic also with good Si 
considering it as 1 6 to 18 % of the weight, and Fe also considering it as 2 to 6 % of the weight is acquired. 
[0047]By carrying out structure control of the Si grain to 3 micrometers or less about 1-2 micrometers, 
even if worn powder is discharged, since it is smaller than the minimum film thickness of 3 micrometers, 
the reason the above and a sliding characteristic are acquired does not influence sliding states. Since only 
the aluminum base portion of the cast structure which is the 1st slide member is previously worn out, the 
portion serves as a sump ball, can secure fluid lubrication, and is considered to be hard to generate 
printing. 

[0048]Next, why the above-mentioned sliding characteristic is acquired is explained based on a drawing, 
the wear mechanism of the 1st slide member 10 and the 2nd slide member 20 in this invention example is 
shown in drawing 7 — it is explained that it is carried out. 

r0049l Drawing 7 (a) is the figure which the 1 st slide member 1 0 and the 2nd slide member 20 of this 
invention lapped, and expressed the state before sliding. Drawing 7 (b) is a figure showing the state after 
sliding to which the 1st slide member 10 is carrying out the to-and-fro operation of the 2nd slide member 
20 top. 

[0050]Si with the 2nd slide member 20 of this invention detailed to an aluminum base material is 
distributed uniformly. The 1st slide member 10 is formed from the portion 1 1 to which Si does not exist in 
an aluminum base material, and the portion 1 2 which detailed Si is distributing. 

[0051]From this figure, only the soft section of the aluminum base material of the 1st slide member 10 is 
worn out in early stages, and in order that that portion may form an oil film in an interface compulsorily as 
a sump ball, it will be in a fluid lubrication state. As a result, since the coefficient of friction of the 1st slide 
member 10 and the 2nd slide member 20 becomes low and generation of heat decreases, printing does not 
occur but there is also little wear. 

[0052]Even if Si serves as worn powder, since Si particle diameter is smaller than film thickness and 
spherical, sliding states are not influenced. 

[0053]On the other hand, drawing 8 is a schematic diagram showing the wear mechanism of the 1st 
conventional slide member and the 2nd slide member. 

[0054](Comparative example 1 ) : the case where conventional Si is large is shown in drawing 8 (a). In the 
member which comprised the AC8C material 100 and the rapid solidification material 200 of general 
JISH5202, When Si in an aluminum matrix is larger than 3 micrometers, since Si used as worn powder is 
larger than the theoretical minimum film thickness of 3 micrometers, by being intervened and caught in a 
sliding interface, frictional heat goes up and it becomes a cause of printing or wear. 

[0055](Comparative example 2) : In the member which comprised the rapid solidification material 300 and 
the rapid solidification material 400 as shown in drawing 8 (b), Since there is no portion holding an oil of 
the case of rapid solidification material and an oil film is hard to be formed in a sliding interface, in a high 
load region, solid contact occurs, and a coefficient of friction goes up and it is easy to generate printing. 
[0056](Comparative example 3) : as shown in drawing 8 (c), in the casting material of the 1st slide member 
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10 same comrades used by this invention, the soft section of an aluminum base material causes 
agglutination locally, and there is a tendency which will be in a progressive adhesive wear state from the 
portion by repeating exfoliation and destruction. A general aluminum casting material and the aluminum 
expansion material of this letter voice are also the same. 

[0057]As mentioned above, by using the material composition shown in the example of the above [this 
invention ], a material function as shown below is produced and a sliding characteristic is improved. 
[0058]When Si grain carries out structure control to about 1-2 micrometers, even if worn powder is 
discharged, since it is smaller than the minimum film thickness of 3 micrometers, sliding states are not 
influenced. 

[0059]Since only the aluminum base portion of a casting material (1st slide member 10 of this invention) 
organization is previously worn out, the portion serves as a sump ball, fluid lubrication can be secured, and 
it is hard to generate printing. 

r0060l drawing 9 is a figure of an experimental result showing the seizing-resistant comparison with the 
member by the combination (a comparative example — one — : — the iron sintered member of the 
drawing 8 (a) comparative example 2: drawing 8 (b) comparative example 3:drawing 8 (c) comparative 
example 4:former should put together) of the example of this invention, and the conventional member. 
[0061]It used for the 2nd slide member of this invention which suits the contents shown above at the 
rotor, the blade, and the keylock, and used for the 1st slide member of this invention at housing. 
[0062]the test condition at that time — "— sliding gestaltring one disk frictional wear tester, 
peripheral-speed:0.6m/s, and load: — loading is carried out until it makes 0.5 MPa carry out a load rise at 
a time and is printed every 3 minutes. However, a maximum of 25 MPa(s). Lubricating oil: 5W-30 SJ class 
It carried out on an engine oil, oil quantity:200ml, and the oil-temperature:result." 
[0063]As shown in this figure, the member which uses the material of this invention is excellent in 
seizure-proof nature as compared with the comparative examples 1-4. (Please indicate, if there is what 
should be considered to artificer Mr.: etc.) 

r0064l Drawing 10 is a figure showing the wear-resistant experimental result of the example and 
comparative example of this invention by the same member. The test condition at that time was 
performed on "a sliding gestaltring one disk frictional wear tester, peripherahspeed:0.6 m/ s, load:2MPa 
regularity, test time:5 hours, sliding distanced 0800m, a lubricating oil:5W-30 SJ class engine oil, oil 
quantity :200m I, and the oil-temperature:result." 

[0065]As this figure shows, it turns out that this invention is excellent in abrasion resistance. 
r0066l Drawing 11 is a figure showing the relation of the planar pressure with a member and the coefficient 
of friction (coefficient which shows a fluid lubrication state) by the combination of the example of this 
invention, and the conventional member, a test condition -- "— sliding gestaltring one disk frictional wear 
tester, peripherahspeed:0.6 m/s, and load: — loading is carried out until it makes 0.5 MPa carry out a load 
rise at a time and is printed every 3 minutes, (however — a maximum of 25 MPa(s)) lubricating oil: 
5W-30 SJ class It carried out on an engine oil, oil quantity:200ml, and the oil-temperature:result." 
[0067]As this figure shows, it turns out that this invention is excellent in a coefficient of friction. 
Furthermore, by more than test surface pressure 10MPa of an example, since a very low value called the 
coefficient of friction 0.003 is shown, it turns out that a sliding interface is in the fluid lubrication state 
where the oil film was formed thoroughly. 

[0068] As mentioned above, it is shown that performance excels the conventional comparative examples 
1-4 in seizing resistance, abrasion resistance, and a coefficient of friction, and the example of this 
invention cannot be satisfied with a conventional iron sintering material and general aluminum of product 
performance from this result. 

[0069]Table 1 is a table showing the mechanical characteristic of the various materials used by the 
example and comparative example of this invention. From this table 1 , the intensity side also endured the 
conventional material, and the weight saving became possible about 50% as a valve timing control device of 
this invention further. 
[0070] 
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Although the slide member in the valve timing control device explained this invention, it is applicable to an 
engine lubricating oil pump, a transmission lubricating oil pump, a power steering pump, a piston, a cylinder 
of vehicles provided with the slide member, etc. 
[0071] 

[Effect of the Invention]In the slide member which slides mutually by the 1st slide member and the 2nd 
slide member that counters this 1st slide member and is allocated, the invention of claim 1 of this 
invention said 1st slide member, Sb: 0.05-0.20 % of the weight, Na : 0.001 to 0.01 % of the weight, Sr. 
0.001-0.05 % of the weight, Ca : From 0.0005 to 0.01 % of the weight, consist of an aluminum alloy material 
in which at least one kind of element was added, and said 2nd slide member, Since it is a slide member 
consisting of material produced by making solidify the powder to which the rapid solidification of the 
aluminum alloy material in which the element of Si and Fe was added at least was carried out, The good 
sliding states which could not be realized can be secured and performance excels the slide member which 
seizing resistance, abrasion resistance, and a coefficient of friction become from a conventional aluminum 
material and iron sintering material in sliding of the conventional aluminum materials. 
[0072]The cam shaft which was supported as for the invention of claim 4 of this invention enabling the 
free rotation to the cylinder head of an internal-combustion engine, The rotation transmission member 
which consists of an inner rotor fixed to this cam-shaft tip part, and an outer rotor the exterior of the 
relative rotating of was made possible to this cam shaft and the inner rotor in the prescribed range, It is a 
valve timing control device used in order to control the inlet valve or exhaust valve of an 
internal-combustion engine which equipped said inner rotor with one or the attached blade, and the lock 
pin attached to said outer rotor, Said outer rotor or said blade Sb:0.05-0.20 % of the weight, Na: 
0.001-0.01 % of the weight, Sr : 0.001 to 0.05 % of the weight, Ca : From 0.0005 to 0.01 % of the weight, 
consist of an aluminum alloy material in which at least one kind of element was added, and said inner rotor 
or said blade, Since it is a valve timing control device consisting of material produced by making solidify 
the powder to which the rapid solidification of the aluminum alloy material in which the element of Si and 
Fe was added at least was carried out, Can secure the good sliding states which could not be realized in 
sliding of the conventional aluminum materials, and seizing resistance, abrasion resistance, and a 
coefficient of friction, Performance is superior to the valve timing control device which consists of a 
conventional aluminum material and iron sintering material. 
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precisely. 

2,**** shows the word which can not be translated. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing H The front view of the outer rotor of the valve timing control device by this invention, an inner 
rotor, and its related member. 

[Drawing 21 A-A line drawing of longitudinal section of the outer rotor of the valve timing control device by 
this invention, an inner rotor, and its related member. 

[Drawing 3l The schematic diagram of a process which manufactures the powder in this invention by which 
rapid solidification was carried out. 

[Drawing 4l The schematic diagram of the process of performing preforming by the hydrostatic 
pressurization in this invention. 

[Drawing 5l The schematic diagram of the process of carrying out hot extrusion of the powder compact in 
this invention. 

[Drawing 6l The schematic diagram of the process to which uses a forge and cutting based on the 
extrusion material in this invention, and a product configuration is made. 

[Drawing 7l The schematic diagram showing the wear mechanism of the 1st slide member and the 2nd slide 
member in this invention. 

[Drawing 8l The schematic diagram showing the wear mechanism of the 1st conventional slide member and 
the 2nd slide member. 

[Drawing 9l The figure of an experimental result showing the seizing-resistant comparison with the 
member by the combination of the example of this invention, and the conventional member. 
[Drawing 1 0l The figure showing a wear-resistant experimental result with the member by the combination 
of the example of this invention, and the conventional member. 

[Drawing 11] The figure showing the relation of the planar pressure with a member and the coefficient of 

friction by the combination of the example of this invention, and the conventional member. 

[Description of Notations] 

10 ... Cam shaft 

20 ... Inner rotor 

30 ... Outer rotor 

70 ... Blade 

1 00 ... Valve timing control device 



[Translation done.] 
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1 Sn : 0. 1 0£TF, C r : 0. 1 OfcTF, 

a i : mn KW£i<nz~fm%:T>i>^-VL t &izm 

»AC8C«^-7#K, S i *^3 /imWFfcfcS«i:5 
WM%T\ S b : 0. 0 5-0. 2 0%. Na : 0. 0 
01-0. 0 1%^ Sr : 0. 001—0. 05%, C 
a : 0. 00 0 5-0. 0 1 %<Do%'J>%<. t$>±tm 

fliiBHTfes i aa©7E**«ainu s i (Dwmmmt 

[0 0 3 2] S i 3 ftmaTKft«£5fclWn 

^Kib^^S^ctolca, ±f2©S b : 0. 0 5-0. 2 
0%, Na : 0. 001—0. 01%, Sr :0. 00 
1—0. 05%, Ca:0. 000 5 — 0. 0 1 %©5 

t^immmmxh^ 1 wm>n.m^mwt 

[0 0 3 3] £fc, &±IB^©»fiWfiH«fcD*fcV' 
S i©)&@tf*t<ft3o &±ie^f!t©tWI$Sn<fc 

o^t, s i <ommmmmm.tt&?. »&, # 

[0 0 3 4] ^©«B?<!:&3ftg|5n-*2 

JfiSflfcAl-S i-Fe^ crfr5.-vi±-mm-& 

m ®*.w&vmm?Zo c<DwmLttnzm2® 

[003 5] C©JfffiL*ltt, 102~104°C/#© 
[0 0 3 6] ±E7/l>5»*©«a#8sH\ B3tC^-r 
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1 : 16-18%, Fe:2~6%, Cu: 1—5%, 
Mg : 0. 2-2%, Mn : 0. 2- 1 %^:WMhtc7 

1 0 OEAft, ^(Dtima 1 0 1 
tti?*37>l/5i8llfc:8 0~1 5 0 kg f /cm 2 ©ME 

ffXfcWHLl 0 2 -1 o 4 r/#©^3§g-eiift?i 

[0 0 3 7] £-f, 04£jjVf<fc5£, *»*J&B#P2 

6 o~95% K^ffifrnttn* ? o *oymim\z&y> 

[0 0 3 8] ^t, C©j«g#P2«Kru«y h£LT, 

2 0 0-5 50 ^©igaiBHrt-e^fflJffilSli 3 0 0 T» 

[0 0 3 9] B5fcjSTJ:3K:, U* P 3 fc'S-X 
a-^3 0, ay^fc^so, ^-y 7 om<DWk&? A 

3 /imOTO«S i Ift^&ftSo 

20 [0 0 4 0] CCf-, !g2 Sil^<3D fcfSBffitfcfcJ:, S i 

tii 6~i 8ii%tt§, z.^mmnnxiz, mm 
t?m<Dfa±t>mnzo s i#i 6%Mt<feo^av^» 
wafers l, mmmnzn t vrcm&mz i *s 
c-r. s i# 1 8nm%&*)&^tmm.'mff*iz< 

[0 0 4 1] IcfcF e«2~6M%£T3o 

§ 0 f etfi 2 n&%& t> two* m \%mc?o 

F etf 6 % J; D t ftWfc&tm B Lffl#*WftW* 
30 t<&3 0 

[0042] cu{±i~5»%£-rs 0 ;:©grtiiBB 
rt-ea:, «ttWttK©ia±*nsns. cu^i m%* 

«t 0 ^fc#tf©ffiTtfiee. So 

[00 4 3] MgSO. 2-2MM.%tt^ COmiH 

mmit. mmaemefaktiwi** M g ^o. 2 

M% * 0 ^&i^fc«tSWttK©fiT« < iBJ: So Mg 
[0 0 4 4]Mn«0. 2~ inM%ht%><, Z.<DfML 
5o MnA^O. 2*»% c fc*9 / >^^«!:S^r B {ttffl^ 
§ 0 Mn «» l M%£ 0 ^i: v h u >y ^X©^S14fb 
[0 0 4 5] S l^^U^ttajimJMTfc-rSo C© 

RfaenrtTftt, w^tt©iRi±, »«#ttt©isi±^ 

[0 0 4 6] #8flBtt, ±EWH«lS ; &fflvSCkK < fc 

50 0, wTfc^-rjc^ftttJWiffi^sn, »»«Hfe^» 
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SnS, ftfeSi^l6~18H%, Fe#2~6fi 

[0047] ±r Sirfffttf^ftSJiSft, s i it 

3 /i mfitTOfi 1 ~ 2 fi miCfililHtrr 5 C£f£<fc 

[004 8] *K±iB»»Wtt«m6na3iifcov> 10 

i fsijgp^ 10^2 mmtm 2 0 t^mmx-xi* 

[0 0 4 9] 0 7 (a) It, *«WO» 1 fif|## 1 0 
t« 2 «Kl»# 2 0 D »»MO«IB*a bfeH 

T?aB§ 0 07 (b) itmimmmi otrnznaam 

[0 0 5 0] *Ri|l©)B2fflM#2 o«7;l/5-»>A 

hwmciriib© s i jwa-fcSHRSfttvSo $ 1 wna 20 

»|S i jWHRtTVSa^ 1 2 fcfr&J&diSft-CV 

So 

[0051] c©0£t>, mimm^ui o©r/i>3- 

^2>3§*©iffcg^#£W«CitlSL, *<WWW1 
»SDtUTl|liBK3MI»fcttlll«»*r*fc», ?5itf* 
^©iSSS, 8lffl»a*ri 0i:»2» 
»g|5M 2 0 fc ©JMSffifttfffi < & *) , 9m&&* < ft S 

[0 0 5 2] £/c, S i jWW§»fcaoTfc S i ItStf 30 

Mi?* <fe 0 *s < § fc46, it mmce* l 

[0 0 5 3] 08ft, t£*©i?lJi®)g|5*ti:fg2 

[00 5 4] (JttfcWI 1 ) : $*© S i 
08 (a) fC^to -fl&W&J I SH5 2 0 2©AC 8 

CttlOO &&&£BI#2 0 o tfrz>M&-$nrc®ttK 
£D*£v^§i=w jwa&t&ofcs i #3M*/Niii§tJP 

[00 5 5] (Jt«MW2) :08 (b) R:^*r«fc5fc, 
&$8B# 3 0 0 &ftft*B#4 0 0 fc*»6«WSnfc 

[00 5 6] Q&SM3) : 08 (c) K*-f<fc 5 

*$mr*mm-$nzmvm 1 m mm \ o n±<ommi 
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5tfftt©aai*«««KaoTb*^isisi*i<**o * 

fe, *^tt-««^7;v^»3g*r^7;i/^Jg{WTt 

EH*"!?**. 

[0057] &±<d&5ic, *%ffl&±9Z<DnnmT*m 

[0058] si m.j-tfm 1-2 n micmmmmtz c 

[0059] mmti &%ffl<Dm 1 mmm 1 0) mm 
®% k> t % *) mwmmzmu-ez, mums- ut 

[0 0 6 0] 09 ft, ^mommmtm^<D^t<D 
mfr^t># ommi ■ 08 (a) , tmM2 •. 08 

(b) , tmM3 : 08 (c) , :«£*©«& 
*§»#©fi#£fc>tf) fc<k*aWfc©IH^*tt©Jfc« 

[0061] ±ec^bfertSKa^ , r**«wo»2 

[0062] ^©H#©Ki^mt, HiilM 
• • TjxtBmmnum®, mm-. 0. 6m/ 

s , : 3 0 . 5 M P a ^0#MJb#S-B\ M 
ft< $l?#«ft#-rSo fiL«^2 5MPa«„ ffif 

j*:5W-30 s J l& ly^yt^/K fflS : 2 0 

0ml, mU- ^cDfT^J ^if^ofeo 
[0 0 6 3] c©0^e»t>^S<J;5lc> #!8fl©*ff** 
Hffl Lfeg|5^tti:fc|gflJ 1 ~4 ^tbKLT, 

ftlSScLTT^Vo 

[0 0 6 4] 0 1 ott, nwum?4M©*itfii& 

tbSI^I©W^14©*il^*^Lfc0T?feSo ^©^ 

w&ms&m* mm-. 0. 6m/ s> w. 2MPa- 
mmm stm. mmmm ■■ 1 0 8 0 om, mm 

i: 5W-30 Sim iy^>*^f;K tt* : 2 0 
0m U »S : ^cDfftJ Tif^ofco 
[0 0 6 5] c©H^6*?3^*«fc5K, 

[0 0 6 6] 0 1 l tt*fKB©*SW!i:1)i!*©»#i:© 
ifi*^t>-&fc:«3:*as»i:©iBfiEfcl«WH![ 

ft, rcmtiMi : u • *y • y'^^mmmnum. 

ft. JSBI: 0. 6m/s, #M : 3#«K0. 5MPa 
-iio#*±#S-a:, «^<*-e««IWW*. (fit* 
^2 5MPaig) , 5W- 30 S J IS x> 

s^>*-f;K : 2 0 0m 1 , ®U : jfROfi f J T?ff 
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[0 0 6 7] C<DHfr6fcfr**3fc, #fSf§tt««G 
1 0 M P a £t±T*tt, )*J§^ifcO . 0 0 3 fc^o 

!lflg««nftilWW»«l!lt»*i: 
[0 0 6 8] «JL C©»S*^5, *SSWOlSfiMlttB 




Q.2»fttf/7CMPa^ 



363 



195 



165 



2.80 



(7) mm 2 0 0 2 - 3 7 1 3 0 2 

12 

[o o 6 9] a*, m i tt*^©^ai«ii:it«M«Tffi 
iiiSQi!feae*o*m«««f, set* *#§bj© 

[0 0 7 0] 



35Q 



-m.7>\, «m 



270 



140 



120 



6.85 



544 



497 



206 



135 



2.80 



So 20 
[007 1] 

BW!©a&si] *«wo»«« i <omm. m 1 sissis 
wtKUcDfts^tiniisnsjnwwfc*^ mib 

Ilffltftltt, Sb:0. 0 5-0. 2 0li%> N 
a : 0. 0 0 1-0. 0 1fiM%, S r : 0. 0 0 1- 
0. 0 5fiH%, C a : 0. 00 0 5 — 0. 0 1 MM% 

&&m& z%*)s msm 2 mmmta. s 

wittta • w*#stt • mmwit t>, ^*©r;i/ 
[0 0 7 2] *«floai«a4©«wt4, 

W»«nfc*Wn-5tfcjft»6a*BHs©MWt % MIB 40 

flSWTffcoT, hubB^ci - * & ?. t/^*MIB^-> 

S b : 0. 0 5-0. 2 011%, N a : 0. 0 0 
1-0. 0 111%^ S r : 0. 0 0 1-0. 0 5 MM 
%, C a : 0. 000 5 — 0. 0 1ll%4>6^ft<i 



[01] *«WE«t*#l8H!l^B«!liraiEB©^»P-^ 
£ F*Ig|$n - # 33 £ tf^OMBSPWOIEffiHo 
[02] *^icJ:«#PIBHBm!MMtBO^Wn-jt 

fcrta5a-^*«ttf*©Bffifi^OA-AilW8BlriiiHo 

[@3] *«wK4sttsa»*H«nfc»**«JS , rs 

[0 4 ] *«Wfcfe»t*»*£EiPBEk:«fc* ; H»ril»*ff 
&5I3|§<D«§0o 

[0 5 ] S»5|«»^f*«3»MffHi Lf 5X 



[0 6 ] L*f*^-^K«E«»«IIW 

[0 7 ] s» i atttt#&£ 2 mmmt 

[08] fl^O|gl»IWWi:»2»»a5WfcO*BR>« 
[09] *^©||M!fc^©»«tOffl»^fe*t 
[010] *^<D^»Ji;«Og|5^i:©ffl*^t3-& 
[0ii] *^©IOIWkl»oaWfcofi»*«>* 



1 0 • 

2 0 • 

3 0 • 
7 0 • 
1 0 0 



• F*3g|5P-£ 

• -frnmrnwamm 
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r-va-K (##) 



B 

E 



F£— 3G018 BA01 BA33 CA20 DA73 DA77 
DA81 FA01 FA07 GA14 GA23 
GA27 

4K017 AA04 BA01 BB16 DA09 EBOO 

EDOO EK01 
4K018 AA16 BA08 CA23 EA12 EA32 

KA02 



